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It is considered the model of the universe in which the scales of length, time and
mass are related by the special relativity constant c, by the Newton gravity constant
G and by the quantum mechanics constant h¯. The model meets constraints from the
current age of the universe, from the high-redshift supernovae data, and from primordial
nucleosynthesis. The model predicts the fractal structure with a power index of 2.
1 Introduction
Description of the universe starts with the denition what the universe as a whole is. Let
us consider the universe as a particle in the euclidean space. Let the universe resemble the
closed world with zero total mass. That is the mass of the universe is equal to the energy of
selfgravity. In this case the gravity of the whole universe is equal to zero, and the universe
is stable due to gravity.
The birth and evolution of the universe is governed by the energy conservation law.
Within the framework of classical physics, the energy conservation law requires zero mass
of the matter of the universe relative to the euclidean space. Since the universe posesses
non-zero mass of the matter relative to the euclidean space, the energy conservation law
is violated within the framework of classical physics. Note that zero total mass of the
universe means the mass of the matter to be equal to zero relative to itself, not relative to
the euclidean space. Within the framework of quantum mechanics, within the time t the
universe can posess the energy E  h/t without violation of the energy conservation law.
Hence the energy of the universe decreases with time to meets the energy conservation law.
It is natural to dene the size of the universe as the size of the horizon r  hc/E  ct. That
is the size of the universe grows following the linear evolution law.
2 Theory
2.1 Basic relations within the framework of classical physics
The behaviour of the universe is expressed via the relations between the scales of length,
time and mass. Let us consider the universe as a particle with the radius a and the mass
m in the euclidean space. The radius a and the mass m are the scales of length and mass
respectively. Introduce the scale of time t. Within the framework of special relativity, the
scale of length is dened via the scale of time as
a = ct. (1)
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Within the framework of the Newton gravity and special relativity, the scale of mass is











Thus the constant of special relativity c and the constant of the Newton gravity G
unambiguously relate the scales of length, time and mass. While introducing the scale of
time, in the system c = G = 1, the scales of length and mass are linear functions of time
a = m = t. (3)
Relation (2) can be treated as the equality of the inertial mass of the particle and the
energy of its gravity. Hence relation (2) denes the universe as a particle with the total mass











2.2 Basic relations within the framework of quantum mechanics
Consider relations between the scales of length, energy and time within the framework of




















Then the scale of time and the scale of energy are related as
Et = h, (9)
and correspondingly the scale of length ax and the scale of momentum projection px are
related as
pxax = h. (10)
Since the change of length is dened only in the direction x, the evolution of the density of
the matter is given by
ρ / Eax−1 / a−2x / t−2. (11)
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Thus we have obtained the same results for the evolution of the density of the matter both
within the framework of the theory of gravity (4) and within the framework of quantum
mechanics (11).
While neglecting the change of the scales of length, time and mass a  a, t 
t, m  m, density of the relativistic matter is expressed via the scale of length and
correspondingly via the temperature as
ρ  a−4  T 4. (12)
Due to the evolution of the density of the matter (11), the temperature dened from the
density of the relativistic matter changes with time as
T  ρ1/4 / a−1/2 / t−1/2. (13)
Note that the temperature is dened from the density of the relativistic matter under the
conditions of neglecting the change of the scales of length, time and mass. But the evolution
of the density of the relativistic matter is dened via the change of the scales of length, time
and mass.
2.3 The radial, angular diameter and luminosity distances
Due to the evolution of the scale of energy (9), the energy of photon decreases with time E /
1/t and correspondingly with the distance covered by photon E / 1/r. Within the framework
of the model under consideration, the background space of the universe is euclidean, with
the radial and angular diameter distances being the same. In view of eq. (9), the distance,










Eq. (14) describes the Hubble law, with the redshift being caused by the evolution of the
scale of energy. In view of eq. (11), the intrinsic luminosity of the object L and the observed








where rL is the luminosity distance. The luminosity distance is expressed via the angular
diameter distance as
rL = r(1 + z) = a0z. (16)
The change of the energy of photon with redshift can be registered in two ways, as the
change of the frequency of photon ω / 1 + z, with the photon emission rate being xed
1/t = const, or as the change of the photon emission rate 1/t / 1 + z, with the frequency
of photon being xed ω = const. While measuring the photon flux through the photometric
band, one deals with the later case. From this K-corrections which arise due to the change
of the frequency of photon with redshift have no meaning.
3
2.4 Rescaling due to relativistic and quantum additions
Eq. (14) holds for the local region r  a. Taking into account the relativistic addition,













From eq. (17) it follows that, at z ! 0, r / a, whereas, at z ! 1, r ! 1/2a. Thus due
to relativistic eects the distance in the local region z ! 0 diers by a factor of 2 from the
distance in the global region z !1. Introduce the local scale of time τ which is related to















In the quantum electrodynamics, the scale of mass is normalized with the electromagnetic
coupling α
m / α. (21)
Due to quantum additions, the electromagnetic coupling α changes with momentum trans-
ferred. Since the energy scale in the universe evolves it is necessary to take into account
the change of the scale of mass and equivalently of the scales of length and time due to the
change of the electromagnetic coupling α.
3 Predictions and observational constraints
3.1 Constraints from the modern age and Hubble parameter
Determine the modern age of the universe from eq. (13) taking into account the change of
the electromagnetic coupling α due to quantum additions






where T is the temperature of the cosmic microwave background radiation, the subscript P l
corresponds to the Planck period, the subscript 0 corresponds to the modern period. Here
it is taken into account that αP l = 1. Calculations yield the modern age of the universe
t0 = 33.7 Gyr. This value corresponds to the global scale. In view of eq. (18), the local
value for the modern age of the universe is τ0 = t0/2 = 16.9 Gyr, whereas the experimental
value is τ0 = 14  2 Gyr [1]. The modern age of the universe τ0 = 16.9 Gyr yields the
modern Hubble parameter H0 = 1/τ0 = 58 km/s/Mpc, whereas the experimental value is
H0 = 60 10 km/s/Mpc [2].
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3.2 Constraints from the magnitude-redshift relation
Two independent groups [3] have been published data on the redshift-luminosity relation of
SN Ia at redshifts z  0.4− 0.8. The dierence in apparent magnitudes of objects with the
same intrinsic luminosity but at dierent redshifts provides a valuable, classical cosmological
test on the evolution law of the universe. The expected dierence in apparent magnitudes is
given by m  5log[rL(z2)/rL(z1)]. In view of eq. (16), for z1 = 0.4 and z2 = 0.8, m = 1.5.
As shown above, applying K-corrections have no meaning, so it is necessary to use the
magnitudes without K-corrections. According to Perlmutter et al. [3], without applying K-
corrections m  1.50.2 that favours the model of the universe under consideration. That
is constraints from the magnitude-redshift relation of SN Ia favour the linear evolution law
a = t.
3.3 Constraints from primordial nucleosynthesis
Authors of [4] investigated constraints on power-law models of the universe, in particular,
from primordial nucleosynthesis. The time-temperature relation T−1  t0.58 is obtained
from the condition that at the beginning of nucleosynthesis when T  80 keV the age of
the universe should be less than the lifetime of neutron t  887 s. The inferred primordial
abundances of helium-4 [5] and deuterium [6] require T−1  t0.55 [4]. Note that here T is
the temperature of the cosmic microwave background radiation, t is the age of the universe
which are related to their modern values.
Since the temperature of the cosmic microwave background radiation is dened by the en-
ergy density, according to eq. (13) the time-temperature relation is T−1  t0.5. This relation
is obtained with the use of the global scales. Constraints from primordial nucleosynthesis
limited by the lifetime of neutron T−1  t0.58 and those limited by the inferred primordial
abundances of helium-4 and deuterium T−1  t0.55 are obtained with the use of the local
scales. It is necessary to take into account the transition factors from the local scales to
the global scales for the modern age of the universe and for the weak interaction rates in
the primordial plasma which dene the lifetime of neutron and the time to establish the
neutron-proton equilibrium. In view of eq. (19), the local-global transition factor for the
modern age of the universe is equal to 2. The weak interaction rates depend on energy as
 E5. In view of eq. (20), the local-global transition factor for the energy is equal to 2,
and correspondingly the local-global transition factor for the weak interaction rates is equal
to 25 = 32. Taking into account the local-global transition factors for the modern age of
the universe and for the weak interaction rates, the power index in the relation T−1  t0.5
increases by the value  0.05. Thus this time-temperature relation is in agreement with the
constraints from primordial nucleosynthesis limited by the lifetime of neutron T−1  t0.58
and with those limited by the inferred primordial abundances of helium-4 and deuterium
T−1  t0.55.
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3.4 The fractal structure of the universe
The galaxy distribution can be viewed as a fractal (see e.g. [7]), with the average number of
galaxies within radius R from any given galaxy being given by
N(< R) / RD (23)
where D is the fractal power index. The conventional point of view is that, on scales
< 20 h−1 Mpc, galaxies obey D  1.2 − 2.2. On scales > 20 h−1 Mpc, the fractal power
index increases with scale towards the value D = 3 on scales of about 100 h−1 Mpc. On
the contrary authors of [8],[9] claimed that galaxies have a fractal distribution with constant
D  2 on all scales. Having based on the analysis of the galaxy number counts N(< m), they
noted that galaxy evolution, modication of the Euclidean geometry and the K-corrections
are not very relevant in the range of the present data. Authors of [10] following [9] reanalyzed
the ESP survey and suggested the value D ’ 3. But they reproduced the result of [9] for
the case of neglecting K-corrections and using euclidean metric with the luminosity distance
rL = a0z.
In the universe under consideration, the fractal structure arises due to the evolution
of the scale of mass with time. Let us consider the homogeneous and isotropic universe,
with the particle number density n being xed with radius. In view of eq. (3), the scale of
mass changes with time as m / t and correspondingly changes with radius as m / 1/R.
Hence taking into account the evolution of the scale of mass, the observed mass of particles
within radius R is given by M(< R)  nmR3 / R2. While using the scale of mass xed
with radius m(R) = const, the observed number of particles within radius R is given by
N(< R)  M(< R)/m / R2. Thus the universe under consideration predicts the fractal
structure with the power index D = 2. Note that the case of neglecting K-corrections and
using euclidean metric with the luminosity distance rL = a0z for which the ESP survey data
show D  2 [10] corresponds to the universe under consideration.
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